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Abstract  17 
A number of social animals produce food-associated calls, which have been interpreted as 18 
informative and referential about the quality or quantity of food accessed by the caller. In 19 
chimpanzees, however, some behavioural patterns have remained unexplained by this model, 20 
suggesting that food-associated calls have a more generalized social function beyond 21 
attracting others to food, such as promoting tolerance between co-feeding individuals. In this 22 
study, we investigated how wild chimpanzees (Pan troglodytes schweinfurthii) of Budongo 23 
Forest, Uganda, use food associated-calls in situations when social tolerance is low, i.e., 24 
during agonistic interactions. We found a positive relationship between food calling and 25 
agonistic behaviours during a feeding event, independent of the number of males on the 26 
feeding patch. Moreover, food calling followed rather than preceded agonistic interactions, 27 
suggesting that aggression can trigger food call production. These results support the view 28 
that chimpanzee food-associated calls can act as social tools mediating competitive or 29 
aggressive interactions. 30 
 31 
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1. Introduction  34 
Vocal communication sometimes allows receivers to infer something about the event 35 
experienced by the caller, effectively establishing a referential relationship between call type 36 
and external event (‘functional reference’) (Marler et al. 1992; Macedonia & Evans 1993; 37 
Bradbury & Vehrencamp 1998; Stegmann 2013). The functional reference hypothesis has 38 




behaviour in food-related events (Townsend & Manser 2013) with many birds and mammals 40 
producing distinct vocal signals in feeding contexts (Clay et al. 2012). 41 
Chimpanzees (Pan troglodytes) are amongst the species that produce such food-associated 42 
calls, the ‘rough grunts’ (Goodall 1986; Slocombe & Zuberbühler 2005). In one experimental 43 
study, a captive chimpanzee responded to playbacks of food-associated calls as if they 44 
informed him about the location and type of food (Slocombe & Zuberbühler 2005). In the 45 
wild, chimpanzees also produce food-associated calls whose structure depends on food type 46 
and abundance (Slocombe & Zuberbühler 2006; Fedurek & Slocombe 2013; Kalan et al. 47 
2015), which has led to the idea that these calls inform others about the presence of food. 48 
However, some other studies have suggested that, in great apes, the ‘functional reference’ 49 
hypothesis of food-associated calls does not explain the entire range of behavioural patterns. 50 
In both chimpanzees and gorillas (Gorilla gorilla) food-associated calls appear to coordinate 51 
feeding decisions between co-feeders and to facilitate cohesion (Fedurek & Slocombe 2013; 52 
Luef et al. 2016). This suggests a social function of these calls beyond attracting others to 53 
food. Moreover, in chimpanzees, food-associated calls are produced more often in the 54 
presence of affiliated individuals (‘friends’), suggesting a role in social bonding (Slocombe et 55 
al. 2010; Fedurek & Slocombe 2013). Similarly, arrival of high-ranking individuals can 56 
trigger food calling in lower ranking chimpanzees, even if they had been feeding for a while 57 
(Schel et al. 2013). Possible explanations for these patterns are that chimpanzee food-58 
associated calls function to attract valuable social partners, such as friends and dominant 59 
individuals, and/or to coordinate feeding activities with them (Schel et al. 2013; Fedurek & 60 
Slocombe 2013). 61 
Another, not incompatible, view is that food-associated calls promote co-feeding events, 62 




1988). In chimpanzees, dominance relationships, especially among males, are mainly 64 
established by aggression and intimidation (Muller & Mitani 2005). Since in this species 65 
aggressive interactions and food calling commonly co-occur during feeding, they might be 66 
related. To date, however, there have been no systematic studies looking at the relationship 67 
between food calling and agonistic behaviour in chimpanzees. To address this, we examined 68 
whether the production of food-associated calls and the duration of calling were related to 69 
feeding events that were accompanied by agonistic interactions. We also investigated whether 70 
food calling followed rather than preceded agonistic interactions, which should be expected if 71 
food-associated calls are produced as a response to aggression rather than vice versa. 72 
 73 
2. Methods  74 
2.1 Study site and subjects 75 
The study was conducted with members of the Sonso community in Budongo Forest, Uganda, 76 
between the 19 August 2017 and 23 January 2018. During the time of the study, the 77 
community comprised about 75 individuals. The community has been studied since 1990 and 78 
is fully habituated to human presence (Reynolds 2005). Study subjects were all individuals of 79 
the community, including 10 adult (15>years old; (Goodall 1986)) and 3 late adolescent (13-80 
15 years old) males, as well as 24 adult (16>years old) and 4 late adolescent (11-14 years old) 81 
females. 82 
 83 




Data collection was entirely observational and non-invasive. The study was approved by the 85 
Uganda Wildlife Authority and the Uganda National Council for Science and Technology. 86 
 87 
2.3 Data collection  88 
2.3.1 Feeding behaviour 89 
A randomly selected adult or late adolescent male was followed between 07:00 and 16:30 90 
local time (N=62 focal follows of N=13 males). Once the subject entered a food patch, we 91 
recorded the duration of food-calling coming from the focal individual’s food patch, 92 
regardless of the identity or number of individuals producing the calls (e.g. Vogel & Janson 93 
2007). We further recorded any occurrence of agonistic or aggressive interactions exhibited 94 
by any party member (Vogel & Janson 2007). 95 
A feeding event started when the subject entered a food patch and ended when it exited a food 96 
patch. Food patches were defined as a tree or shrub used as a food source (Fedurek & Slocombe 97 
2013). During each feeding event, we noted the type of food consumed by the feeding animals, 98 
which consisted of fruits, leaves, flowers, seeds or dead wood. Only complete feeding events 99 
(N=231, mean duration=27.47 min, minimum duration=0.23 min, maximum duration=155.67 100 
min), i.e., where the subject was seen entering and leaving a food patch, were incorporated in 101 
the analysis. 102 
We recorded the presence of all adult and late adolescent males and females in the feeding 103 
patch, as well as the time and identities of individuals joining or leaving the food patch. 104 
 105 
2.3.2 Vocal behaviour 106 




consist of sequences of either loud, high-pitched vocalizations with clear harmonic structures 108 
(‘food barks’ or ‘squeaks’) or of soft, low-pitched, noisy calls (‘rough grunts’) (Goodall 1986; 109 
Fedurek & Slocombe 2013). Chimpanzees not only call when discovering a new food source 110 
but they often also resume calling during ongoing feeding. A digital watch and a notepad 111 
were used to record food calling durations. The start time of food calling was noted once 112 
food-associated calls were heard from the feeding patch, while end time when no food-113 
associated calls were heard for a period of 5s. We then considered subsequent food calling 114 
bouts as distinct if they were separated by at least one minute of non-food calling (i.e. no 115 
individual at the feeding patch food called during that period). Total food calling duration (in 116 
seconds) was defined as the sum of durations of all food calling bouts during a feeding event 117 
(given by the entire group on a feeding patch).  118 
 119 
2.3.3 Agonistic behaviour 120 
As agonistic interactions, we scored any type of displacement, charge, chase or physical assault 121 
(Bygott 1979; Muller & Wrangham 2004), agonistic calls, such as screams and ‘waa’ barks 122 
(Fedurek et al. 2015). We considered agonistic interactions as two distinct events if they were 123 
separated by non-aggression by at least one minute. 124 
 125 
2.4 Statistical analysis 126 
2.4.1 Is food calling associated with agonistic events?  127 
We used a generalized linear model with a binomial error structure using R, version 3.1.2 (R 128 
Core Team 2014). To investigate whether the number of aggressive events was related to the 129 




the dependent variable, and the number of agonistic events during a feeding event as the 131 
independent variable. Food type (1: fruits [N=106]; 0: non-fruit foods [N=125]), the number 132 
of adult and late adolescent males and females, and feeding event duration (in seconds), were 133 
included in the model as additional (control) independent variables as these variables are 134 
known to correlate with chimpanzee food calling (Slocombe et al. 2010; Fedurek & Slocombe 135 
2013). Since the number of males may be correlated with the number of aggression events on 136 
a feeding patch, we also included an interaction between the number of males and the number 137 
of agonistic events. In addition, since this might be relevant to food calling (i.e. chimpanzees 138 
are more likely to food call in the presence of others (Slocombe et al. 2010)), we included the 139 
variable (0/1) whether (N=71) or not (N=160) the feeding patch was occupied by other 140 
individuals prior to the subject animal entering it.  141 
We then ran a linear model with a Gaussian error structure, where we included only the 142 
feeding events in which food calling occurred (N=131). In this model we used the same 143 
independent variables, and as the dependent variable we put the duration of food calling 144 
during a feeding event (s). To test the significance of both models, we used the ‘anova’ 145 
function in R comparing the full model against a null model comprising the same independent 146 
variables as the full model apart from ‘the number of agonistic events during a feeding event’ 147 
(using the ‘Chisq’ test and the ‘F’ test for the generalised linear model and the linear model 148 
respectively). 149 
  150 
There was no collinearity between the examined independent variables (variance inflation 151 
factors of the independent variables were below 1.4). Before running the analyses, the values 152 




2.4.2 Does food calling precede or follow agonistic events?  154 
To investigate the sequential association between food calling and agonistic events, we 155 
examined whether the production of food-associated calls preceded agonistic events or vice 156 
versa. To this end, we used a two proportions z-test and compared the proportions of food 157 
calling (0/1) that preceded and followed agonistic events within one minute. To deal with the 158 
problem of pseudo-replication, we included in this analysis only one (the last) agonistic event 159 
of each feeding event (68 of 115 agonistic events). These analyses were conducted using R, 160 
version 3.3.2 (R Core Team 2014). 161 
Since we created two models based on the same independent variables, the α-level for 162 
significance was corrected (from 0.05 to 0.025) using Sidak’s adjustment equation to control 163 
for family-wise error (Sidak 1967). 164 
 165 
3. Results 166 
Overall, food-associated calls were produced in 56.71% (N=131 of 231) of feeding events.  167 
 168 
The production of food-associated calls 169 
The full model was significantly different from the null model (Deviance=18.41, P<0.001). 170 
There was a positive relationship between food call production and the number of agonistic 171 
events on a feeding patch (Table 1). Agonistic events occurred more commonly during 172 
feeding events in which food-associated calls were produced (N = 109 agonistic events, Mean 173 
= 0.83, SD = 1.52) than during feeding events with no food calling (N = 6, Mean = 0.06, SD = 174 
0.31). There was no relationship between food call production and the number males and 175 
females on the food patch, or food type (Table 1). Whether or not the subject animal entered 176 




(Table 1). There was no interaction between the number of males and the number of agonistic 178 
events (P=0.922), suggesting that these two variables predict food call production 179 
independently. 180 
Table 1 The relationship between food call production and the investigated (independent) variables 
using a generalized linear model 




Food type -0.081 ± 0.305 -0.265 0.791 -0.684 to 0.515 
Number of agonistic events 1.493 ± 0.477 3.132 0.002 0.688 to 2.578 
Number of males 0.177 ± 0.100 1.766 0.077 -0.014 to 0.383 
Number of females -0.188 ± 0.222 -0.845 0.398 -0.636 to 0.246 
Feeding event duration 0.382± 0.191 2.001 0.045 0.023 to 0.780 
Food patch occupancy status 0.692 ± 0.394 1.758 0.079 -0.072 to 1.480  
 181 
 182 
Food calling duration 183 
The full model was significantly different from the null model (F =47.50, P<0.001). There 184 
was a positive relationship between food calling duration and both the number of agonistic 185 
events and the number of males on a feeding patch (Table 2; Fig 1). There was no relationship 186 
between food calling duration and the number females or food type (Table 2). Whether or not 187 
the subject animal entered an already occupied by others food patch did not predict food 188 
calling duration (Table 2). There was no interaction between the number of males and the 189 
number of agonistic events (P=0.245), suggesting that these two variables predict 190 





Table 2 The relationship between food calling duration and the investigated (independent) 193 
variables using a linear model 194 




Food type 0.096 ± 0.133 0.719 0.474 -0.168 to 0.361 
Number of agonistic events 0.396 ± 0.057 6.892 <0.001 0.282 to 0.510 
Number of males 0.070 ± 0.028 2.464 0.015 0.014 to 0.127 
Number of females -0.033 ± 0.069 -0.473 0.637 -0.169 to 0.104 
Feeding event duration 0.270 ± 0.071 3.790 <0.001 0.129 to 0.411 
Food patch occupancy status 0.052 ± 0.157 0.336 0.737 -0.257 to 0.362  
 195 
 196 
Temporal relationship between food calling and agonistic events 197 
40 of 68 agonistic events (58.8 %) were followed, while 17 (25.0 %) were preceded, by food-198 
associated calls within one minute (two pro- portions z-test: χ2 = 15.98, df = 1, P < 0.001; 199 
Fig. 2).  200 
 201 
4. Discussion  202 
The fact that animal signals can refer to external objects or events is of considerable 203 
importance for theories of a number of disciplines, including philosophy or evolutionary 204 
approaches to anthropology and linguistics (Fedurek & Slocombe 2011; Townsend & Manser 205 
2013; Schlenker et al. 2016). While previous studies have shown that chimpanzee food-206 
associated calls attract others and coordinate feeding decisions (Slocombe & Zuberbühler 207 




food calling in this species is also related to agonistic behaviour: individuals were more likely 209 
to food-call, and called for longer, during feeding events associated with aggressive 210 
interactions independent of the number of individuals on the feeding patch. Importantly, food 211 
calling followed rather than preceded agonistic events, suggesting that aggression triggers 212 
food calling rather than vice versa. 213 
Food-associated calls have been also linked to aggression in rhesus macaques (Macaca 214 
mulatta) and white-faced capuchin monkey (Cebus capucinus). In both species the likelihood 215 
of receiving aggression was negatively related to food call production and it has been 216 
suggested that this is because individuals who refrain from announcing food discovery are 217 
subjected to aggression from group members (Hauser & Marler 1993; Gros-Louis 2004). In 218 
chimpanzees, however, food-associated calls are usually produced when the receivers of the 219 
call, and therefore potential aggressors, are already on the food patch (Fedurek & Slocombe 220 
2013), making the food announcement hypothesis unlikely to be the dominant explanation for 221 
this behaviour. Another study on capuchins suggested that food calling promotes inter-222 
individual spacing by signalling aggressive attitude towards co-feeders (Boinski & Campbell 223 
1996). This spacing hypothesis, however, also appears unsuitable for chimpanzees since in 224 
this species food calling follows rather than precedes agonistic events, possibly to restore 225 
peaceful co-feeding after disruption caused by aggression. 226 
As opposed to the number of males on a feeding patch, the number of females did not predict 227 
food calling, which seems to be consistent with previous studies on chimpanzee food calling 228 
(Slocombe et al. 2010; Fedurek & Slocombe 2013). This could be because in Eastern 229 
chimpanzees males are the more gregarious sex (Mitani 2009) and therefore males call more 230 
often either to attract other males (Slocombe et al. 2010) or oestrous females (Kalan & 231 
Boesch 2015) to food, or to coordinate feeding decisions amongst themselves (Fedurek & 232 




more likely to call in the presence of males than females since males pose a higher aggression 234 
threat than females. Our results showing a positive relationship between calling and 235 
aggression are consistent with the second hypothesis. Nevertheless, there was no interaction 236 
between the number of agonistic interactions and the number of males on a feeding patch in 237 
terms of the influence of these two variables on food calling, suggesting that the effect of the 238 
former was not confounded by the effect of the latter. Furthermore, our result showing that 239 
food calling was more likely to erupt after rather than prior to agonistic events also supports 240 
the hypothesis that this behaviour is related to agonistic events. However, we encourage for 241 
more detailed studies investigating the relative importance of feeding party composition and 242 
agonistic events in food call production.  243 
 244 
Contrary to previous studies showing that chimpanzee food calls are more likely produced 245 
when feeding on fruits compared to other types of food (Fedurek & Slocombe 2013; Kalan & 246 
Boesch 2015), we did not find this pattern in our study. However, this discrepancy between 247 
our and previous studies might be due to the different ways the data were collected for these 248 
studies. For example, we collected data on food calling occurring during the entire feeding 249 
event rather than during its initial stages (e.g. Fedurek & Slocombe 2013). Furthermore, in 250 
this study we employed a method of data collection allowing us to record data from all 251 
individuals on a feeding patch (e.g. Vogel & Janson 2007). Although this method does not 252 
focus on the behaviour of particular individuals, it is effective in establishing relationships 253 
between particular behaviours or interactions exhibited by all individuals on a feeding patch, 254 
and how they relate to the composition of the feeding group (Vogel & Janson 2007). Again, 255 
however, more detailed studies focusing on individual chimpanzees (as opposed to entire 256 
feeding groups) are required to directly explore the relationship between calling and 257 




general functional perspective, food-associated calls may allow the receiver to predict the 259 
subsequent behaviour of the caller (e.g. Smith 1977) by, for example, signalling a non-260 
aggressive attitude (in a similar way to how these calls predict feeding duration of the caller, 261 
allowing to coordinate feeding decisions between co-feeders (Fedurek & Slocombe 2013)). 262 
However, to test the aggression-mitigation hypothesis it would be important to show that 263 
individuals that food call are indeed more likely to tolerate co-feeders in close proximity, or 264 
less likely to be involved in aggression. Furthermore, more detailed studies are needed to 265 
establish who (i.e. the victim, aggressor, or bystander) is most likely to call after an agonistic 266 
event. We consider our study as a promising starting point in this research avenue.  267 
It would be also interesting to relate the acoustic structure of food-associated calls to different 268 
contexts associated with aggression. For example, when a dominant individual displays on a 269 
feeding tree, food calling of party members becomes noisier and higher-pitched (G. Ischer and 270 
P. Fedurek, personal observation). It is thus possible that the function of food calling in 271 
agonistic contexts is modulated by its acoustic structure – an aspect that should be investigated 272 
in the future. Since food calling often follows aggressive interactions, it is also possible that 273 
this behaviour facilitates reconciliation in a similar way as low-cost affiliative behaviours such 274 
as grooming or touching do (Fraser & Aureli 2008). In this respect, food-associated calls might 275 
function as grooming-at-a-distance vocal signals facilitating reconciliation between former 276 
opponents, or consolation by nearby individuals towards victims of aggression (De Waal & van 277 
Roosmalen 1979; Fedurek et al. 2013; Arlet et al. 2015). Again, more research is needed to 278 
investigate the mechanism behind chimpanzee food calling and its potential function in 279 
mitigating aggressive interactions. 280 
It is also important to note that the results of our study are not incompatible with that of previous 281 
studies showing that these calls play several different roles, such as attracting others to food, 282 




Zuberbühler 2006; Slocombe et al. 2010; Fedurek & Slocombe 2013). Furthermore, other 284 
hypotheses linking food calling to aggressive interactions are feasible. For example, by calling 285 
low-ranking individuals may recruit allies that in turn may reduce the probability of receiving 286 
aggression from others. This hypothesis is not mutually exclusive with the hypotheses discussed 287 
above. Again, more research is needed to investigate the relationship between food calling and 288 
aggression. 289 
To conclude, food calling in chimpanzees was positively associated with agonistic contexts, 290 
suggesting that the function of these calls is related to aggression. Food-associated calls, for 291 
example, might mitigate agonistic interactions or restore tolerance between co-feeders after 292 
aggression – hypotheses that should be tested in more detail by future studies. Our study adds 293 
to the growing body of literature exposing the complexity of this apparently multifunctional 294 
call. 295 
 296 
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Fig. 1. The relationship between food calling duration and the number of agonistic events. 389 
Line represents regression line and circles represent data points 390 
 391 
Fig. 2. Proportion of food calling that preceded and followed agonistic events (*** P<0.001) 392 
 393 
